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(54) Fuel cell system 

(57) In a fuel ceil system, leakage of a fuel and a 
byproduct produced in oxidizing a fuel, and leakage 
thereof out of a fuel cell by evaporation are prevented. 
For this purpose, in a fuel cell system comprising an 
eiectrogenerating portion having a fuel electrode, an ox- 
idant electrode and an electrolyte sandwiched between 
the fuel electrode and the oxidant electrode; a fuel ac- 
commodating container accommodating a fuel to be 



supplied to the fuel electrode; a fuel supplying portion 
supplying a fuel from the fuel accommodating container 
to the eiectrogenerating portion; and a fuel discharging 
portion connected to the fuel electrode, the fuel accom- 
modating container, the fuel supplying portion, the fuel 
electrode and the fuel discharging portion are alr-tlghtly 
connected. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 J The present Invention relates to a fuel cell system comprising a fuel ceil using a hydrocarbon type fuel as a 
fuel and oxygen or air as an oxidant. 

[0002] As the luel of a fuel cell, there are used, for example, a hydrogen gas, or hydrocarbon type liquid or gaseous 
fuel. Fuel cells using a hydrocarbon type fuel include those of type reforming a fuel by a reforming apparatus to obtain 
a hydrogen gas and generating electricity using this hydrogen gas as a fuel, and those of type generating electricity 
to using a directly supplied hydrocarbon type fuel. In the lattertype cell, there Is no necessity to use a reforming apparatus, 
and the size of a fuel cell system can be decreased. 

[0003] Regarding the lattertype cell, a reaction in a fuel cell using, as a hydrocarbon type fuel, for example, methanol 
is shown below. 

15 Fuel electrode: CH 3 OH + H 2 Q -» C0 2 + 6H+ + 6e* 

Oxidant electrode: 3/20 2 + 6H + + 6e~ -> 3H 2 0 
Total cell reaction: CH 3 OH + 3/20 2 -> C0 2 + 2H 2 0 

[0004] As described above, carbon dioxide is produced as a product in a fuel electrode, in the fuel cell of type using 

20 a fuel directly. Therefore, a substance discharged from the fuel electrode contains a not-consumed fuel , carbon dioxide 
and the like. And, there was a problem that an increase in the amount of carbon dioxide by such powder generation 
raises the internal pressure of the fuel ceil, thereby causing leakage of a fuel, decrease in cell performance and the like. 
[0005] in contrast, there has been suggested, for example, a fuel cell system having a produced gas discharging 
mechanism which separates carbon dioxide and fuel from a substance discharged from a fuel electrode, by using a 

25 porous material constituted of a fluorocarbon resin, and selectively discharges only carbon dioxide out of a system (for 
example, Japanese Laid-Open Patent Publication No. 2001-102070, US Patent No. 4,562,123, and the like). 
[0006] The above-mentioned produced gas discharging mechanism will be described referring to Fig, 5. Fig. 5 Is a 
schematic cross-sectional view showing the structure ol a fuel cell having a produced gas discharging mechanism. In 
the fuel cell shown in Rg. 5, a catalyst layer 54 and a gas diffusion layer 53 at the fuel electrode side and a catalyst 

30 layer 56 and a gas diffusion layer 57 at the oxidant electrode side sandwich an electrolyte membrane 55 to constitute 
an electrogenerating portion, and a fuel supplying tube 52 for supplying a fuel and a separation membrane 51 for 
selectively discharging carbon dioxide are provided. The separation membrane 51 Is provided In contact with the fuel 
supplying tube 52, which Is a passage for fuel. leading to the gas diffusion layer 53, and carbon dioxide generated In 
the catalyst layer 54 is discharged out of the fuel cell via this separation membrane 51 . 

3s [0007] On the other hand, a user of a fuel cell has to exchange a fuel accommodating container when the remaining 
amount of a fuel decreases. Therefore, the user of a cell has to previously acknowledge a time of exchanging the fuel 
accommodating container. Regarding this matter, the remaining amount of a liquid fuel is made visible conventionally 
by installing a methanol consumption amount sensor using Infrared ray. or by constituting a part of the fuel accommo- 
dating container with a transparent or semi-transparent material, for example. 

40 [Q008] However, the conventional produced gas discharging mechanism as described above cannot completely sep- 
arate carbon dioxide and fuel selectively, and only can separate liquid and gas by utilizing a difference In surface tension 
onto a separation membrane. For this reason, not only carbon dioxide but also a fuel and other by-products than carbon 
dioxide produced in oxidizing the fuel are evaporated and discharged in the state of gas out of a fuel cell through the 
separation membrane. 

45 [0009] A fuel and by-products thus discharged out of the fuel cell may contain a lot of substances having high toxicity 
and risk. For example, when methanol is used as a fuel, methanol and, formic acid, formaldehyde and the like that 
may be produced as by-products in oxidizing the fuel, are deleterious substances, and evaporation and leakage out 
of a fuel cell of these compounds Is a very Important problem. 

[0010] The present Invention alleviates the problems described above by reducing not only leakage of a fuel and by- 
50 products produced in oxidizing a fuel, but also leakage of them out of a fuel cell by evaporation. Simultaneously, another 
object of the present invention is to provide a fuel cell system capable of detecting the remaining amount of a fuel with 
high accuracy without separately providing a system detecting the remaining amount of a fuel. 

BRIEF SUMMARY OF THE INVENTION 

55 

[001 1 ] The present invention therefore provides a fuel cell system comprising: an electrogenerating portion having 
a fuel electrode, an oxidant electrode and an electrolyte membrane disposed between the fuel electrode and the oxidant 
electrode; a fuel accommodating container accommodating a fuel to be supplied to the fuel electrode; and a fuel dls- 
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charging portion connected to trie fuel electrode, characterized in that the fuel accommodating container, the fuel 
electrode and the fuel discharging portion are air-tightly connected. 

[00121 It ts preferable that the fuel cell system further comprises a product absorbing portion for absorbing a fuel 

oxidized product discharged from the fuel electrode. 

[0013] The fuel oxidized product may contain carbon dioxide. 

[0014] Further, the fuel oxidized product may contain a compound having a carboxyl group. 

[0015] Furthermore, the fuel oxidized product may contain a compound having an aldehyde group. 

[0016] Still further, the fuel oxidized product may contain a compound having a ketone group. 

[0017] In the above-mentioned fuel cell system, it is preferable that the product absorbing portion absorbs the fuel 

oxidized product by physical adsorption. 

[0018] Further, it Is preferable that the product absorbing portion absorbs the fuel oxidized product by chemical 
adsorption. 

[0019] It is preferable that the fuel cell system further comprises a gas detecting means for detecting the amount of 
carbon dioxide absorbed by the product absorbing portion. 

[0020] It Is preferable that the product absorbing portion and/or the fuel accommodating container is of cartridge type 
exchangeable by Installing to the fuel cell system or detaching from the fuel cell system. Therefore, It Is also preferable 
that the product absorbing portion and the fuel accommodating container are integrated. 

BRl£F DESCRIPTION OF THE SEVERAL VIEWS OF DRAWING 

[0021] 

Fig. 1 Is a schematic view showing a constitution of a fuel cell system according to an embodiment of the present 
Invention. 

Fig. 2 is a schematic sectional view showing one example of a constitution of a unit cell used in the present invention. 
Fig. 3 is a view showing another embodiment of a part corresponding to that around a fuel cartridge 1 7 in Fig. 1 . 
Fig. 4 Is a view showing another embodiment of a part corresponding to that around a fuel cartridge 37 In Fig. 3. 
Fig. 5 Is a schematic sectional view showing a constitution of a fuel cell having a produced gas discharging mech- 
anism. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] One embodiment of the present Invention will be described In detail referring to drawings. Fig. 1 Is a schematic 
view showing a constitution of a fuel cell system according to an embodiment of the present invention. However, the 
present Invention Is not limited to this embodiment. 

[0023] The fuel cell system shown In Fig. 1 comprises a fuel accommodating container 11, an electro generating 
portion 1 4, a fuel supplying tube 1 3a for supplying a fuel along the direction of an arrow from the fuel accommodating 
container 11 to the electrogeneratlng portion 14/ a fuel supplying portion 12 comprising a pump or the like, a product 
absorbing portion 16 for absorbing a fuel oxidized product produced In the electrogeneratlng portion 14, a fuel dis- 
charging tube 13b for supplying a fuel oxidized product produced In the electrogeneratlng portion 14 and the like to 
the product absorbing portion along the direction of an arrow, an oxidant supplying tube 18 for supplying an oxidant to 
the electrogeneratlng portion 14 along the direction of an arrow, and an oxidant discharging tube 19. 
[0024] Here, the fuel accommodating container 11 , the fuel supplying portion 12, a fuel electrode of the electrogen- 
erating portion 14, and the fuel discharging tube 13b constituting a discharging portion at the fuel electrode side and 
the product absorbing portion 16 are alr-tlghtly connected. By this constitution, a product produced by oxidizing a fuel 
at a fuel electrode of the electrogeneratlng portion 14 and a fuel not consumed and the like can be treated without 
leaking out of the fuel cell system. 

[0025] In the fuel cell system shown In Fig. 1 , the fuel supplying portion 1 2 comprising a pump Is provided, however, 
the fuel cell system according to the present invention can be constituted even without the fuel supplying portion 12. 
In this case, it is preferable that the fuel supplying tube 13a is constituted of a tube which is so narrow as to cause a 
capillary phenomenon. Alternatively, the fuel supplying tube 1 3a may be filled with non-woven fabric or porous material 
made of polyurethane, polyester, cellulose, phenol-type resin, polypropylene, glass fiber orthe like, for assisting supply 
of a fuel. 

[0026] The electrogeneratlng portion 14 Is a fuel cell, for example, constituted of a unit cell obtained by sandwiching 
an electrolyte membrane with a fuel electrode and an oxidant electrode. In this case, a stack obtained by stacking a 
plurality of unit cells may be used, or a cell having a structure obtained by connecting a plurality of unit cells in series 
and in parallel In a plurality of planes may be used. Both of the fuel electrode and oxidant electrode contain a diffusion 
layer and a catalyst layer. 
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[0027] Here, Rg. 2 shows one example of the constitution of the unit cell. As shown in Fig. 2, the unit ceil is constituted 
of a gas diffusion layer 14a and a catalyst layer 14b at the fuel electrode side, an electrolyte membrane 14c, and a 
catalyst layer 14d and a gas diffusion layer 14e at the oxidant electrode side. 

[0028] In Fig. 1 , the fuel supplying tube 13a and the fuel discharging tube 13b are connected to the fuel electrode 
5 side of the electrogeneratlng portion 14, and the oxidant supplying tube 18 and the oxidant discharging tube 19 are 
connected to the oxidant electrode side of the electrogeneratlng portion 14. 

[0029] Further, although not shown in Fig. 1 , the oxidant supplying tube 18 for supplying an oxidant to the electro- 
generatlng portion 14 may be only an opening tube which can diffuse naturally aspirated air as an oxidant Into the 
electrogeneratlng portion 14, and for accelerating diffusion of air, a forced air feeding mechanism such as a fan, pump 
10 and the like may be provided. 

[0030] As hydrocarbon-type luels which can be used In the fuel cell system according to the present Invention, there 
are, for example, alcohols such a3 methanol, ethanol and propanol, ethylene glycol, and ethers such as dimethyl ether 
and diethyl ether. 

[0031 ] Of fuel oxidized products generating when using these fuels, particularly, carbon dioxide showing large volume 
is expansion Is a product which disturbs air-tight sealing or connection In a fuel celi system. Further, as a by-product 
which may possibly leak out of a fuel cell system by evaporation, compounds having a carboxyl group such as formic 
acid and compounds having an aldehyde group such as formaldehyde are listed. 

[0032] It Is preferable to pface a separation membrane 15 between the product absorption portion 1 6 and the fuel 
supplying tube 13a. As this separation membrane 15, a so-called gas-liquid separation membrane through which liquid 

20 does not pass easily and only a gas passes easily can be used. This separation membrane 15 Is constituted of a 
material (water-repellent and oil-repellent material) which can give different surface tensions to liquid and gas of a fuel. 
Further, members obtained by coating the surface of a porous material with such a material can also be used. Specif- 
ically, fluorocarbon re3lns such as tetrafiuoroethylene-hexafluoropropylene copolymer (FEP) resin can be used. 
[0033] In the product absorption portion 1 6, activated carbon or zeolite which Immobilizes carbon dioxide by physical 

25 adsorption, alkaline solid or liquid absorbing carbon dioxide by a chemical reaction, and the like can be used. As the 
alkaline solid, there are hydroxides and carbonates of alkaline earth metals such as calcium and barium, and alkali 
metals such as potassium and sodium. As the alkaline liquid, there are aqueous solutions of the above-mentioned 
compounds, and dlethanoiamlne and hydrazine which are non-aqueous liquids, and the like. 

[0034] Air-tight sealing or connection of the whole fuel cell system can be achieved by immobilizing carbon dioxide 
30 having large volume expansion produced through an oxidization reaction of a fuel in the product absorption portion 16 
to prevent carbon dioxide from leaking out of portions filled with a fuel, such as the fuel accommodating container 11 , 
the fuel supplying portion 12, the fuel supplying tube 13a, a fuel electrode of the electrogeneratlng portion 14, the fuel 
discharging tube 13b and the product absorption portion 16. 

[0035] By this, leakage of deleterious substances such as a fuel, fuel oxidized products and by-products out of a fuel 
as cell system by evaporation and the like can be deleted for the first time. By using each of the product absorbing agent 
of the physical adsorption or the chemical adsorption type as a product absorbing agent In the product absorption 
portion 16, carbon dioxide which is the main fuel oxidized product, and formic acid and formaldehyde which may 
possibly leak as by-products out of a fuel cell system by evaporation and the like can be immobilized, and a safe fuel 
cell system can be realized. 

40 [0036] It Is preferable to provide, In the product absorption portion 16, a gas detecting means for confirming the 
amount of the absorbed product. Of the above-mentioned product absorbing agents, the latter product absorbing agent 
for absorbing carbon dioxide by a chemical reaction is a substance having basicity, therefore, change In pH occurs 
depending on the absorption amount of carbon dioxide by absorbing carbon dioxide having acidity. By detecting this 
pH change, the consumption amount of a fuel can be acknowledged, namely, the remaining amount of a fuel can be 

45 grasped. 

[0037] For detecting pH change, for example, an indicator manifesting color change depending on pH change can 
be previously added in the product absorbing agent and the change can be visually confirmed. For example, by making 
a part of the product absorption portion 1 6 with a transparent or semi-transparent material, the remaining amount of 
a fuel can be visually checked. Therefore, the gas detection means is preferably a means for detecting the amount of 

so absorbed carbon dioxide by color change of the indicator caused by pH change. 

[0038] In this case, it is effective that the fuel accommodating container 11 is of cartridge type, since the fuel accom- 
modating container 11 can be changed with a new one depending on the remaining amount of a fuel detected by the 
product absorption portion 16. Also, the product absorption portion 16 may be of cartridge type. Further, the fuel ac- 
commodating container 11 and the product absorption portion 1 6 may be Integrated together to be of cartridge type. 

55 In Fig. 1 , the fuel accommodating container 11 and the product absorption portion 16 are integrated to constitute a fuel 
cartridge 17. By removing only this fuel cartridge 17 and exchanging it with a new one, repeated use of the fuel cell 
system Is possible. 

[0039] In the product absorption portion 1 6, for example, a fact that the remaining amount of a fuel is small can be 
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detected when an indicator which is basic and colorless before use becomes weak basic or neutral to generate color 
depending on absorption of carbon dioxide. By employing a design In which a product absorbing agent In a suitable 
amount Is tilled depending on the amount of a fuel previously charged In the fuel cartridge 17, the remaining amount 
of a fuel can be checked with high precision. 

[00401 As the Indicator added to such a product absorbing agent, Indicators causing color change at from basic to 
weak basic or neutral may be used. As such an indicator, there are, for example, ethyl violet, phenolphthaieln, allzalln 
yellow, cresol phthalein, thymol blue, alkali blue and the like. 

[0041] As the other method of detecting pH change, there are mentioned methods of knowing pH by detecting po- 
tential difference using a glass electrode such as a so-called commercially available pH meter, for example. By this 
method, the consumption amount of a fuel can be known correctly from pH value, namely, the extent of the remaining 
amount of a fuel can be obtained at any time as an electric signal. Therefore, the gas detecting means may be a pH 
meter. 

[0042] In the fuel cell system according to the present invention, the fuel electrode side of the electro generating 
portion 14 Is alr-tlghtly sealed, therefore, the Inside of the product absorption portion 16 Is always under negative 
pressure by absorbing a fuel oxidized product produced In power generation by the product absorption portion 16. 
Therefore, even If the fuel supplying portion 1 2 comprising a pump shown In Fig. 1 is not present, a fuel of the same 
volume as that of an absorbed gas is always supplied from the fuel accommodating container 11 totheelectrogenerating 
portion 14 through the fuel supplying tube 13a. 

[0043] At this time, the pressure inside of the fuel accommodating container 1 1 lowers with decrease in a fuel, there- 
fore, It may be recommendable to previously charge an Inert gas such as nitrogen or argon to Increase the pressure 
in the fuel accommodating container 1 1 so that the pressure in the fuel accommodating container 1 1 does not become 
lower than the pressure in the product absorption portion 16 until complete consumption of a fuel. By this, a fuel can 
be consumed completely. 

[0044] Here, Fig. 3 Is a view showing another embodiment ol a part corresponding to that around the fuel cartridge 
17 in Fig. 1. The fuel cartridge 37 shown in Fig. 3comprises afuel accommodating container 31, a separation membrane 
35 and a product absorption portion 36, in which a fuel supplying tube 33 is connected to the fuel accommodating 
container 31 , and a fuel discharging tube 33b is connected via the separation membrane 35 to the product absorption 
portion 36. A part of walls In the fuel accommodating container 31 is constituted of a movable moving partition wall 38. 
[0045] As shown in Fig. 3, a part of walls in the fuel accommodating container 31 may also be a movable moving 
partition wall 38. For example, by applying pressure to this moving partition wall 3B from outside by spring, gas pressure 
or the like, to make the pressure in the product absorption portion 36 negative, and by moving the moving partition 
wall 38 In aspiration of a fuel from the fuel accommodating container 11 to always prevent the pressure in the fuel 
accommodating container 11 from being negative, a fuel can be consumed completely. 

[0046] Fig. 4 is a view showing another embodiment of a part corresponding to that around the fuel cartridge 37 in 
Fig. 3. The fuel cartridge 47 shown In Fig. 4 comprises a fuel accommodating container 41 , a separation membrane 
45 and a product absorption portion 46, and Is connected to afuel supplying portion 42 comprising a fuel supplying 
tube 43a. A fuel supplying tube 43a is connected to the fuel accommodating container 41 , and a fuel discharging tube 
43b Is connected via the separation membrane 45 to the product absorption portion 46. A part of wails In the fuel 
accommodating container 41 is constituted of a movable moving partition wall 48. 

[0047] Further, In Fig. 4, the separation membrane 45 and the luel accommodating container 41 are connected via 
a tube 43c. When a fuel supplying portion 42 Is provided as shown In Fig. 4, a method In which flow of a fuel Is not 
communicated between the product absorption portion 46 and the fuel accommodating container 41 as in the case 
containing no fuel supplying portion 42 may not be adopted. For example, a constitution can also be adopted in which 
a tube 43c is provided so that an unreacted (not-consumed) fuel separated in the separation membrane 45 returns 
again to the fuel accommodating container 41 , and circulates In the fuel cell system repeatedly. 
[0048] In the fuel cell system according to the present Invention, a fuel Is supplied from a fuel accommodating con- 
tainer to an electrogeneratlng portion via a fuel supplying tube, and a product absorption portion capable of absorbing 
a fuel oxidized product consumed and produced here by a reaction Is provided, thus, a fuel and a product can be 
treated in an air-tightly sealed space. By this, a fuel cell system remarkably safe to users can be realized without 
discharging a fuel and fuel oxidized by-products having risk and toxicity out of the fuel cell system completely. 
[0049] Further, according to the fuel cell system according to the present invention, a fuel cell system can also be 
provided by which a fuel can be supplied to an electrogenerating portion stably until complete consumption of a fuel 
In this fuel air-tightly sealed space and power generation can be conducted stably until the last. In the fuel cell system 
according to the present Invention, the consumption amount of a fuel can be detected, consequently, users can be 
informed of the remaining amount of a fuel and the exchange time of a fuel cartridge with high precision. 
[0050] The present invention will be illustrated using the non-limiting examples below. 
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Examples 1 to 4 

[0051 ] In these examples, a fuel cell system having a constitution shown In Fig. 1 was produced. 

[0052] On Ketjhen Black EC (manufactured by AKZO Chemie, in Netherlands) which was a conductive carbon par- 

5 tides having an average primary particle size of 30 nm, platinum particles having an average particle size of about 30 
A was carried, to give catalyst supporting particles (50 wt% platinum) for the oxidant electrode side. Further, on Ketjhen 
Black EC, platinum particles and ruthenium particles having an average particle size of about 30 A respectively were 
carried to obtain catalyst supporting particles (25 wt% platinum and 25 wt% ruthenium) for the fuel electrode side. 
[0053] The catalyst supporting particles for the oxidant electrode side and the fuel electrode side and a dispersion 

io of a hydrogen Ion conductive polymer electrolyte were mixed respectively to give catalyst pastes for the oxidant elec- 
trode side and the fuel electrode side. In this operation, the mixing weight ratio of the catalyst supporting particles and 
the hydrogen ion conductive polymer electrolyte was 1:1 . As the hydrogen Ion conductive polymer electrolyte, perfluor- 
ocarbon sulfonic acid (Flemion manufactured by Asahi Glass Co. Ltd.) was used. 

[0054] Next, on one surface of a hydrogen Ion conductive polymer electrolyte membrane (Naflon 117 manufactured 
is by Du Pont, USA), a catalyst paste for the oxidant electrode side was printed, and on the other surface, a catalyst 
paste for the fuel electrode side was printed. Then, a gas diffusion layer for the fuel electrode side and a gas diffusion 
layer for the oxidant electrode side, and the hydrogen ion conductive polymer electrolyte membrane were bonded by 
a hot press method to make a membrane-electrode assembly <M EA). In this case, the contact area of the fuel electrode 
and the oxidant electrode was 2 cmx2 cm. As the gas diffusion layer for the fuel electrode side and the gas diffusion 
20 layer for the oxidant electrode side, cartoon non-woven fabric (thickness: 1 90 urn, porosity: 78%) was used. Thus, a 
electrogene rating portion 14 was obtained. 

[0055] A product absorption portion 16 containing a product absorbing agent was inserted in a removable fuel car- 
tridge 17, and 10 cc of a methanol aqueous solution having 5 wt% methanol concentration was charged In the fuel 
accommodating container 11. Here, used as the product absorbing agent was (1) activated carbon (specific surface 
25 area: 600 m 2 /g) or (2) zeolite (specific surface area: 350 m 2 /g), each absorbing carbon dioxide by physical adsorption, 
or (3) soda lime (94 wt% calcium hydroxide, 6 wt% potassium hydroxide) or (4) potassium carbonate aqueous solution 
(concentration: 40 wt%), each absorbing carbon dioxide by chemical adsorption. The use amount of the product ab- 
sorbing agent was 10 g In each case. 

[0056] Here, in order not to make the pressure inside of a tank of the fuel accommodating container 11 negativedue 
30 to the consumption of the fuel, a nitrogen gas was charged in the tank to set the pressure in the tank at a pressure as 
high as 1.3 atm. At the inlet to the product absorption portion 16 in the fuel cartridge 17, a tetrafluoroethylene-hex- 
afluoropropy I ene copolymer (FEP) resin membrane (film thickness: 25 jim, average pore size: 0.1 urn) as the separation 
membrane 1 5 having gas selective permeability. A pump was used as the fuel supplying portion 1 2 for supplying a fuel 
from the fuel accommodating container 11 to the electro generating portion 14. In an oxidized supplying tube 18a, forced 
35 supply of air by a ran was not conducted. 

[0057] When the fuel cell system was operated at a pump flow rate per minute of 0.5 cc, output of 0.4 V and 200 mA 
was obtained in the case of any product absorbing agent. In any case, the voltage during powder generation was in 
the range from 0.4 to 0.45 V, and output could be obtained stably for up to 10 hours. Leakage of a gas out of a cell 
was not observed, of course. Further, access of air was allowed only to the oxidant electrode of the eiectrogenerating 
40 portion 1 4, and thefuel electrode and the fuel supplying tube 1 3a, the fuel discharging tube 1 3b, the fuel accommodating 
container 11 and the product absorption portion 16 were all put Into a Teflon bag, which was then air-tightly sealed, 
and the fuel cell system was operated. After completion of the operation, a gas in the Teflon bag was analyzed by gas 
chromatography, to detect no methanol. 

[0058] Therefore, according to the fuel cell system of the present invention, handling ol a fuel in a complete air-tightly 
« sealed system was made possible for the first time, and as a result, a safe fuel cell system discharging completely no 
fuel and fuel oxidized by-products, which were toxic out of the fuel cell system could be realized. 
[0059] Approximately the same effect was obtained when materials obtained by adding barium hydroxide instead of 
calcium hydroxide in soda lime, mixtures thereof, and dlethanol amine were used, as the product absorbing agent. 

50 Comparative Example 1 

[0060] As the comparative example, a fuel cell system having the same constitution as in Example 1 excepting the 
following points was made. Namely, only a separation membrane 1 5 was provided at the end of a fuel discharging tube 
13b and a product absorbing portion 16 was not provided, and a pore was made at the end of a fuel discharging tube 
55 1 3b to make open to the air, and a gas discharged through the separation membrane was released directly into the air 
[0061 ] Such a fuel cell system was operated under the same operation conditions as in Example 1 . to obtain out put 
of 0.40 V and 200 mA. As a result, output could be obtained stably between 0.35 V to 0.40 V for up to 7 hours. However, 
when a glass plate was approximated to the end pore of the fuel discharging tube 13b, liquid adhered to this glass 
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plate. This liquid was diluted with pure water and analyzed by gas chromatography, to find that this aqueous solution 
contained methanol. 

[0062] As compared with Example 1 , voltage was somewhat lower, and the driving time was also somewhat short. 
At the completion of power generation, remaining of a gas was observed in the separation membrane 15, therefore, 
It was considered that with power generation, a gas could not be extracted completely from the separation membrane 
15, the Inner pressure near the gas outlet of the fuel discharging tube 13a Increased, and excess load was Imparted 
to the pump, thus, a fuel was not supplied sufficiently. 

Examples 5 to 1 0 and Comparative Example 2 

[0063] In a fuel ceil system having completely the same constitution as In Example 1 , a product absorbing portion 
1 6 and a fuel accommodating container 11 containing 10 cc of a methanol aqueous solution having a methanol con- 
centration of 5 wt% were inserted in a removable fuel cartridge 1 7. Here, as the product absorbing agent, soda lime 
(94 wt% calcium hydroxide, 6 wt% potassium hydroxide) or a potassium carbonate aqueous solution (concentration: 
40 wt%) of given amount was charged, further, ethyl violet was added as a color generating agent. The kinds and 
amounts of the product absorbing agents used were summarized In Table 1 . The product absorption portion 1 6 In the 
fuel cartridge 17 was constituted of a transparent acrylic resin. 

[0064] When the fuel cell system was operated at a pump flow rate per minute of 0.5 cc, output of 0.4 V and 200 mA 
was obtained at the initial stage of power generation in the case of any product absorbing agent. After power generation 
stable for given time at a voltage from 0.4 to 0.45 V, the voltage decreased sharply. 1 0 to 30 minutes before the sharp 
decrease in voltage, color generation (from white to violet) of the product absorbing agent was observed in some cases 
and was not observed in some cases. The results were summarized in Table 1 . 

[0065] As a result, when the product absorbing agent was present In excess amount for a fuel, operation was possible 
until a fuel was used approximately completely, however, color generation of the product absorbing agent was not 
observed until the last. When the product absorbing agent was insufficient, color generation of the product absorbing 
agent was observed before the stop of the fuel cell system, however, a fuel could not be used completely to the last 
period before the stop of operation of the fuel cell system. By previously using the product absorbing agent suitable 
for a fuel, when the remaining amount decreased, the exchanging time of the fuel cartridge 17 could be Informed by 
color generation of the product absorbing agent. 



Table 1 





Condition of product absorption portion 


Test result 


Product absorbing 
agent 


Use amount (g) 


Continuous Color operation Color 
generation time (mln) 


Example 5 


Soda lime 


3 


615 


Observed 


Example 6 


Soda lime 


5 


630 


not observed 


Example 7 


Soda lime 


10 


645 


not observed 


Example 8 


Potassium carbonate 
aqueous solution 


3 


205 


Observed 


Example 9 


Potassium carbonate 
aqueous solution 


5 


335 


Observed 


Example 1 0 


Potassium carbonate 
aqueous solution 


10 


625 


Observed 


Comparative example 2 






420 


not observed 



[0066] When phenolphthaleln, allzalln yellow, cresol phthaleln, thymol blue or alkali blue was added In addition to 
ethyl violet as a color generation material for the product absorbing agent, the same discoloration was observed before 
the stop of operation of the fuel cell system though the discolored color and the product absorption amount were 
different. Even if these coloring agents were used, the exchanging time of the fuel cartridge 17 could be known by 
color generation of a product absorbing agent by previously using a product absorbing agent suitable for a fuel. 
[0067] When pH change In the potassium carbonate aqueous solution as a product absorbing agent was checked, 
pH of the product absorbing agent changed from alkaline to neutral actually though the change was gradual. From this 
fact, even by measuring of pH of an absorbing agent, the consumption amount of a fuel could be detected, namely, 
the remaining amount of a fuel could be detected. 
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[0068] According to the present invention, not only leakage of a fuel and by-products produced in oxidizing a fuel 
but also leakage of them out of a fuel cell by evaporation can be prevented completely, In a fuel cell system. Simulta- 
neously, according to the present Invention, a fuel cell system can be provided capable of detecting the remaining 
amount of a fuel with high accuracy without separately providing a system detecting the remaining amount of a fuel. 
[0069] Although the present Invention has been described In terms of the presently preferred embodiments, It Is to 
be understood that such disclosure Is not to be Interpreted as limiting. Various alterations and modifications will not 
doubt become apparent to those skilled in the art to which the present invention pertains, after having read the above 
disclosure. Accordingly, It Is Intended that the appended claims be interpreted as covering ail alterations and modifi- 
cations as fall within the true spirit and scope of the invention. 



Claims 

1 . A fuel cell system comprising: 

an electrogeneratlng portion having a fuel electrode, an oxidant electrode and an electrolyte membrane sand- 
wiched between said fuel electrode and said oxidant electrode; 

a fuel accommodating container accommodating a fuel to be supplied to said fuel electrode; and 
, a fuel discharging portion connected to said fuel electrode, 

wherein said fuel accommodating container, said fuel electrode and said fuel discharging portion are air- 
tightly connected. 

•> 

2. The fuel ceil system In accordance with Claim 1 , further comprising a product absorbing portion for absorbing a 
fuel oxidized product discharged from said fuel electrode. 

3. The fuel cell system In accordance with Claim 2, wherein said fuel oxidized product contains carbon dioxide. 

4. The fuel cell system In accordance with Claim 2, wherein said fuel oxidized product contains a compound having 
a carboxyl group. 

5. The fuel cell system In accordance with Claim 2, wherein said fuel oxidized product contains a compound having 
an aldehyde group. 

6. The fuel cell system In accordance with Claim 2, wherein said fuel oxidized product contains a compound having 
a ketone group. 

7. The fuel cell system In accordance with any of claims 2 to 6 wherein said product absorbing portion absorbs said 
fuel oxidized product by physical adsorption. 

8. The fuel cell system In accordance with any of claims 2 to 6 wherein said product absorbing portion absorbs said 
fuel oxidized product by chemical adsorption. 

9. The fuel cell system in accordance with Claim 3, further comprising a gas detecting means for detecting the amount 
of carbon dioxide absorbed by said product absorbing portion. 

10. The fuel cell system in accordance with any of claims 2 to 9 wherein said product absorbing portion is of exchange- 
able cartridge type. 

11. The fuel ceil system in accordance with any of claims 2 to 10 wherein said fuel accommodating container is of 
exchangeable cartridge type. 

12. The fuel ceil system In accordance with Claim 1 1 , wherein said product absorbing portion and said fuel accommo- 
dating container are integrated. 
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